BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to complete a checklist review form (see an example) and are provided with free text boxes to elaborate on their assessment. These free text comments are reproduced below. Some articles will have been accepted based in part or entirely on reviews undertaken for other BMJ Group journals. These will be reproduced where possible.
THE STUDY
I don't think the title of this paper adequately represents your stated objectives. I suggest a that represents your primary and secondary outcome measures in the title.
In the abstract, please make it clear that you are not reducing alarms, but suggesting a method which may be used to reduce alarms. You suggest that 28% of alarms can be reduced by evaluating their technical relevance. This is ambiguous and needs be be more clearly stated. You probably mean that the alarms can theoretically be reduced if an algorithm is used to evaluate technical relevance.
There are 3 stated aims of this study: 1.Determine whether patient clinical severity affects the proportion of clinically relevant alarms 2. Determine if the proportion and number of clinically relevant alarms differ based on the type of monitoring device. 3. Identify methods for reducing clinically irrelevant alarms. Please address in your methodology, results and discussion, how you measured each of these aims. The study is good, but disorganized and hard to follow because it doesn't carry through on each aim in an organized manner.
There are grammatical errors throughout this document. Content can be shorted and/or written more succinctly. In your conclusion, you state that you anticipate the development of an algorithm which evaluates technical relevance. This is the first time I see mention of an algorithm. Need to explain this in the body of the document.
GENERAL COMMENTS
Thank you for allowing me to review this study. I think it is an important study that documents new information about alarms in relation to patient severity (SOFA score) and distiguishes types of devices that alarm most frequently. In addition, this study offers alarm annotation related to technical relevance. I think it will advise the development of better monitoring algorithms. I hope the authors will rewrite in a more organized manner that flows more succinctly with the study aims.
REVIEWER
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THE STUDY
The authors describe the work of an observational study identifying the number of false and technically irrelevant alarms in a Japanese adult ICU setting. Additionally, they aim to correlate a patient's organ failure severity, as measured by the SOFA score, with the number of alarms. They find that only 6.7% of all alarms are clinically relevant and that the number of clinically relevant alarms decreases with improved patient's health (low SOFA score).
General comments: It is interesting to see an alarm evaluation study using a Nihon Kohden patient monitoring system, which I haven't seen in the literature before. It is discouraging to read that the false alarm rate is comparable with values reported in previous studies. And interesting observation is mentioned only briefly, which is that the number of clinically alarms could be used in an algorithm to discontinue its use (or at least include it in the risk/benefit analysis). This would be an interesting area for future work. The authors need to be congratulated in completing an enormous effort (classifying 8000 alarms and reviewing many hours of video) -quite an accomplishment. Finally, what I am missing is the "what do we learn from this" / novelty aspect of the work which you may want to emphasize on more.
RESULTS & CONCLUSIONS Specific comments:
Title: The title is misleading as it implies that a "technical" solution to reduce the number of clinically irrelevant alarms is proposed or evaluated. However, none of this is performed and the author's main evaluation focuses on the correlation and implied causality of more clinically relevant alarm rates in sicker patients. -28 This is an interesting and novel suggestion. If might be good to elaborate on it and how you would propose to make device removal algorithms/flowcharts. P.19 L20 Again you make an interesting observation here, which you may want to elaborate on as well. P.19 L23 I am missing a limitations section here -did you accidentally move it to the summary page and remove it here. Also if that is true it should be expanded significantly to cover areas like the removal of 7216 alarms from the analysis, the exclusion of ventilation and infusion pump alarms, and why the number of indeterminable alarms is >10% P.19 L29 The final part of the last sentence of the conclusion is confusing. Please rephrase it.
Figures: Figure 1 : Your caption is partially redundant with the figure, which may not be a bad thing. However, you may want to use the same definitions throughout. (e.g. "Not alarm relevant" vs. "not relevant" etc.). Finally, some of the wording in the figure is unclear, which is likely as you wanted to reduce the number of words here. I'd suggest only showing the key elements in the figure and referring the reader to the appropriate section in the manuscript for details. Figure 2 : You are using yet another way of labeling your alarm classification categories. Maybe just use: "Alarm relevant", "Alarm not relevant" and "Alarm not relevant but helpful" throughout the manuscript?
Tables: Table 1 : L24 These are variables, not monitors. Also what you are really reporting is the frequency of use. Table 1 : L27 Consider removing all variables which were either 100% used (ECG and SpO2) or not used in any patient (CVP). You can mention that you excluded these for simplicity reasons in the table caption or the text. 
GENERAL COMMENTS
I would encourage you to revise the focus of the paper and resubmit it to this or another appropriate journal.
VERSION 1 -AUTHOR RESPONSE

Responses to Reviewer Comments
Thank you for your kind letter dated June 28, 2013 and the editors' e-mail concerning the manuscript entitled "How do we reduce clinically irrelevant alarms in intensive care units? A prospective, observational, clinical study" [manuscript ID: bmjopen-2013-003354] . We are pleased to note the favorable comments of the reviewers and the editor, and have made appropriate corrections in accordance with these comments.
We thank the reviewers for their help suggestions and comments and hope that the revised manuscript is now suitable for publication as an Original Article in BMJ Open.
Our point-by-point responses to the comments of the reviewers are given below. We have revised our conclusion to make it more simple and clear.
Comment #12: Thank you for allowing me to review this study. I think it is an important study that documents new information about alarms in relation to patient severity (SOFA score) and distiguishes types of devices that alarm most frequently. In addition, this study offers alarm annotation related to technical relevance. I think it will advise the development of better monitoring algorithms. I hope the authors will rewrite in a more organized manner that flows more succinctly with the study aims.
Response #12:
We thank the reviewer for carefully reviewing our manuscript and for providing suggestions to further improve the quality of our manuscript. We hope that the revised manuscript now meets the expectations of the reviewer.
Reviewer: Matthias Görges, Postdoctoral Fellow University of British Columbia, Vancouver, Canada I have no conflicts of interest pertaining to this work.
# General comments:
It is interesting to see an alarm evaluation study using a Nihon Kohden patient monitoring system, which I haven't seen in the literature before. It is discouraging to read that the false alarm rate is comparable with values reported in previous studies. And interesting observation is mentioned only briefly, which is that the number of clinically alarms could be used in an algorithm to discontinue its use (or at least include it in the risk/benefit analysis). This would be an interesting area for future work. The authors need to be congratulated in completing an enormous effort (classifying 8000 alarms and reviewing many hours of video) -quite an accomplishment. Finally, what I am missing is the "what do we learn from this" / novelty aspect of the work which you may want to emphasize on more.
Response:
We thank the reviewer for carefully reviewing our manuscript and for providing suggestions to further improve the quality of our manuscript. We have revised our manuscript according to the comments of the reviewer.
Comment #1: Specific comments: Title: The title is misleading as it implies that a "technical" solution to reduce the number of clinically irrelevant alarms is proposed or evaluated. However, none of this is performed and the author's main evaluation focuses on the correlation and implied causality of more clinically relevant alarm rates in sicker patients. Comment #4: P.8 L35: The meaning of the first sentence is completely unclear to me -are you suggesting that pilot study was preformed?
Response #4: We are very sorry for the confusion. We have revised the sentence as follows: "We evaluated the technical and clinical relevance of each alarm using 24-h video monitoring. This technique reduced bias introduced by bedside evaluation." Comment #5: P.8 L43-50: This is a duplicated copy of the limitations statement found two lines below. P.8 L54: This part belongs into the discussion of the manuscript. I assume it was moved here on accident as the manuscript's discussion doesn't list any limitations.
Response #5:
We have moved this part to the Discussion section of the manuscript.
Comment #6: Abstract: P.9 L24: patient illness severity sounds strange -maybe reword it?
Response #6: We completely agree with your suggestion. We have revised the title to "patient severity based on the sequential organ failure assessment (SOFA) score".
Comment #7: P.9 L38: I am not sure, where the 70% value is coming from. Figure 1 has 7552/8031 technical alarms which are 94%. Response #9:
We did not register this study at the website, because it was performed in Japan.
Comment #10: P.12 L40 How do nasogastric tubes and urinary catheters alarm? Also no mentioning of infusion pump alarms is made after this point. Hence, why did you not analyze their alarms. Finally, ventilators can be associated with large numbers of false alarms due to coughing and "fighting" the ventilator -why did you not record the number of these alarms in your data collection system?
Response #10: You are right that we did not monitor nasogastric tubes and urinary catheters, which are devices. We have now made changes to clearly differentiate monitors from devices in the revised manuscript. As you have commented0, ventilators can be deeply associated with false alarms. However, our system did not collect ventilators alarm messages in detail; hence, we did not analyze the clinical relevance of ventilator alarms. We have now mentioned this as a study limitation.
Comment #11: P13 L6 Did you mean alarm priority instead of alarm grade?
Response #11: We are very sorry for the confusion. We have deleted the phrase "the alarm grade" and have added Table 1 to explain the alarm message in detail.
Comment #12: P13 L14 Why did you exclude technical alarms? They can be frequent and prompt nursing intervention to be resolved. Also technical alarms can be caused by artifacts -e.g. motion or ambient light falling on a pulse oximetry sensor causing "Sensor Off" alarms.
In keeping with your suggestion, we reanalyzed our date by including technical alarms and reached similar conclusions. We have revised the manuscript accordingly.
Comment #13: P13 L27 Did you set the diastolic pressure alarm threshold to 56? Most alarms are set based on systolic values (or preferably mean arterial pressures).
Response #13:
We set the diastolic pressure alarm threshold to 56 initially in our study if the patient's normal blood pressure was unknown. However, after these initial settings, the alarm limits could be modified; any changes were automatically recorded.
Comment #14: P13 L32 Why did you pick a SpO2 low alarm setting at 95%. The interesting point at the Hemoglobin/Oxygen binding curve is at 92-93%. Also pulse oximeters are known to be influenced highly by motion artifacts, which can be avoided by lowering the alarming threshold or preferably by introducing short alarm delays. Hence, I am wondering how long were your alarm delays were?
Response #14:
We apologize for the oversight regarding the SpO2 low alarm setting. The correct SpO2 low alarm setting was 93%. We have now corrected this error and have thoroughly re-examined the manuscript for such errors. With regard to the alarm delay, we consulted the manufacturer Nihon Kohden and received a response that their SpO2 alarm delay is 4 seconds.
Comment #15: P14 L52 Did you mean "ordinal" values? Also if you didn't test for normality it may be better to report median, IQR and ranges for your data instead of Mean and SD. -If you tested for it your analysis is fine but you should report that this is true.
Response #15:
We apologize for the confusion. The correct term should be "ordinal". However, because there was no "ordinal" variable (hence we did not conduct normality tests), we have removed the description from the text. We have added the median and ranges of some variables in Table 3 for clearer presentation of our data.
Comment #16: P15 L15 How did you correct for multiple use of data.
Response #16: Statistical significance attained after Bonferroni adjustment of significance level for multiple comparisons is now indicated in Table 4 .
Comment #17: P15 L11 The approach sounds reasonable, however, it exceeds my understanding of statistics to adequately address if this is performed correctly. The paper would benefit from a statistical reviewer's comments here.
Response #17:
The second and corresponding author is a statistical expert, who has re-checked the analytical methods of the study. The statistical method used in this study has now been cited in the manuscript. In keeping with your suggestion, we have revised the text: "When the SOFA scores were 2, there  were no relevant ART alarms. Thus, when SOFA score are 2 and the patient's condition is not likely to  change suddenly, the ART device may be removed." Comment #23: P.19 L20 Again you make an interesting observation here, which you may want to elaborate on as well.
Response #23: We have changed "Another reason… this matter." in paragraph 2 in Why do this problem not resolve over the 10 years? Section. Comment #24: P.19 L23 I am missing a limitations section here -did you accidentally move it to the summary page and remove it here. Also if that is true it should be expanded significantly to cover areas like the removal of 7216 alarms from the analysis, the exclusion of ventilation and infusion pump alarms, and why the number of indeterminable alarms is >10% Response #24: We have added the text "The number of alarms that were technically annotated as being indeterminable was 7.7%. When the amplitude of waveforms were small or when arrhythmia indications and noises were mixed, technical annotations were difficult." (page 13, line 12) in ALARM TYPES AND THEIR RELEVANCE section.
In addition, we have added the limitation about the exclusion of ventilator and infusion pump alarms.
As you have mentioned, infusion pump alarms are very important; hence, we have added the reference "J Clin Monit Comput. 2012 Dec;26(6):429-36. doi: 10.1007/s10877-012-9370-0" in the reference list.
Comment #25: P.19 L29 The final part of the last sentence of the conclusion is confusing. Please rephrase it. Response #25: We thank you for these suggestions and apologize for the confusion. We have rephrased the last sentence.
Comment #26: Figures: Figure 1 : Your caption is partially redundant with the figure, which may not be a bad thing. However, you may want to use the same definitions throughout. (e.g. "Not alarm relevant" vs. "not relevant" etc.). Finally, some of the wording in the figure is unclear, which is likely as you wanted to reduce the number of words here. I'd suggest only showing the key elements in the figure and referring the reader to the appropriate section in the manuscript for details.
Response #26: Thank you for pointing this out. We have changed the figure according to your suggestion. Comment #27: Figure 2 : You are using yet another way of labeling your alarm classification categories. Maybe just use: "Alarm relevant", "Alarm not relevant" and "Alarm not relevant but helpful" throughout the manuscript?
Response #27: In keeping with your suggestion, we have used another way of labeling. We have changed "alarm relevant, helpful alarm but not alarm relevant, and not alarm relevant" throughout the manuscript. Comment #28: Tables:  Table 1 : L24 These are variables, not monitors. Also what you are really reporting is the frequency of use.
Response #28: We are sorry for the confusion. We have made changes to clearly differentiate monitors from devices in the revised manuscript.
Comment #29: Table 1 : L27 Consider removing all variables which were either 100% used (ECG and SpO2) or not used in any patient (CVP). You can mention that you excluded these for simplicity reasons in the table caption or the text.
Response #29: We have changed the table according to your suggestion. Comment #30: Table 2 : L18 Why is the number of indeterminable alarms so high? -Address in discussion.
Response: Thank you for pointing this out. We have addressed this part in the Discussion section. Comment #31: Table 2 : L34 If you didn't test for normality it may be better to report Median, IQR and ranges.
Response #31: We apologize for the confusion. Because there was no "ordinal" variable (hence we did not conduct normality tests), we have deleted the description from the text. In accordance with your suggestion, we have added the median and ranges of some variables in Table 3 for clearer presentation of our data.
Comment #32: Table 3 : You need to indicate which p values were significant in your regression model due to the multiple comparisons performed your critical alpha is likely not 0.05?
Response #32: Statistical significance attained after Bonferroni adjustment of significance level for multiple comparisons is now indicated in Table 4 .
